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FAT10HAL ADVISCRY COMMITTEE FOR AERONAUTICS

ADVAUCE RESTRICTED REPORT

STRENGTH TESTS OF TEIN-WALL TRUNCATED .CONES - - -
OF CIRCULAR SECTION
By Zugene E. Lundquist and EBEven H. Schuette

SUMMARY

The ends of thin-wall truncated cones of circular
section wvere clamped to rigid bulkheads end the. cones
subjected to gtrength tests. The results from torsion
teste of five,comnresglion tests of tbhree, and tests in
comblned transverse shear and bending of 18 truncated
cones aAre glvon herein. The resulits of the tests are
correlated with the previously pubilghed results of cor-
respondirng tests 0f clrcular cyllndere and are presented
in chartg suitable for use in desigmn.

INTROTLUCTION

The strength of thin-wall cylinders has been under
investigatlion by the Natlonel Advisory Committee for Aero-
nautice for a number of yeers. Previous papers have glven
the results of varioug strength tests of thin-wall ocylin-
ders of clrcular and elliptic section.

- Because mornocoque fuselages usually have some taper,
tests woere aleo made to determine the gtrength of thin-
wall truncated coneg of circular ssesction in torsion, com-
presglon, snd combined transverse shear and bending. . A
preliminary summary of the regultes 1s given 1n reference 1.
The present report glves these data in further detail and
with greater attention to the conclusions.

MATERIAL

The 178-T aluminum hlloy used 1n thoge teste was ob-
talned in ghest form with nominal thicknasses of 0.011,
0.016, and 0.022 inch. The properties of this material




as determined by the National Bureau of Standards from
gspecimens gselected at random are given in reference 2.
Becausge all the tesgt cones. falled by elastic buckling of
the wallg at stresses considerably below the yisld-point
atrees, the modulus of elasticity E, which was gubstan-
tially constant for all sheet thlcknesses, 1s the only
property of the materiasl that need be considered. JFor
all gheet material used in these tests, an average value
for E of 10.4 x 10° pounds per square inch wag used in
the analysle of the results.

SPECIMENS

The test specimens were truncated cones 7.5 lnches
long with end radii of 6.0 and 7.5 inches. (See fig. 1l.)
The taper of the cones was selected to agree roughly with
the taper of a monocoque fuselage. The cones were con-
gtructed in the following manner: An sluminum-alloy sheet
was first cut to the dimensione of the developed surfacse.
The sheet was then wranped about and clamped to end bulk-
heads. When the truncated cone was thus assembled, a
butt strap 1 inch wide and of the seme thickness as the
sheet was fitted, drillled, and bolted in place to close
the gseam. In the agsembly of the specimen, care was taken
to avoid having either 2 looseness of the skin or wrinkles
in the walls when finally constructed.

Each of the end bulkheads, to which the loads were
applied, was constructed of two steel plates % inch thick,
separated by a plywood zore lﬁ inches thick. Theae parts
were bolted together and turned to the specified outside
dlameter. Steel bands approximestely +linch thick and ma-
chined to the same diameter ag the bulkhvads were used to
clamp the mluminum-alloy sheet to the bulkheeds. In or-
der to keep the bands from sliding parallel to the axis
of the cone, a tongue and groove was provided between the
bulkhead and the band.

APPARATUS AND METHOD

The thickness of each sheet was measured to an estl-
mated precision of £0.0005 inch at a large number of sta-
tions by a dial sage wmounted in & special Jig. In general,
the variation in thickness throughout a given gheet was
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not more than 2 percent of the average thickness. The
average thicknesses of the sheets were used in all calcu-
lationsg of radlus-thickness ratio and stress.

The loads were "applied to the truncated cones with
the same apparatug as that used in the corresponding tests
of eircular cylinders. Descriptions and photographe of
the apparatus uesed in the torsion, compression, and com-
bined transverse shear and bending tests are given in ref-
erences 2, &, and 4, reaspectively.

In all cases loads were applied in incrementg of 1
percent of the estimated load at fallure.

DISCUSSION OF RESULTS

From the photographs of figures 2, 3, and 4, it will
be noted that fallure always occurs over a large area of
the cone wall and not at some particular etatlion between
bulkheads. The symbols appearing in figure 4 wlll Dbe de-
flined later in thig report. The propertles of the cone
and hence the computed stresses for any loadlng condition
vary from polnt to point along the cone. Thus, 1in the
presentation of the test results for each of the loading
conditlons considered, a curve 1s drawn that describeg the
strees conditlion taroughout the full length of the trun-
cated cone.

Toraslon

The ghear stress at failure fg in the pnlene of the
skin at any station is assumed to be given by the formula

T
fg = —p— (1)
& anr t
where .
T applied torque at failure
r radius at the particular station

t thiekness

At the large end of the cone, where the radius is 1, .,
the value of fg 18 deslgnetsd fgla Then, 1t follows

from equation (1) that



fa=f51(£:'_:"‘ . | (2)

Results of the torslon tests are presented in filgure
6, which 1g the game type of figure as that unused by Donnell
(reference 5) to present torsion date on circular cylinders.
In this figure, pu 1is Polsson's ratio for the material.
The data for each truncated cone tested are represented by
a short line that describes the varilation of stress along
the length of the cone according to equation (2). The re-
gulte of torsion tests of circular c¢ylinders, taken fronm
reference 2, are also plotted in figure 5.

The lines reoresenting the truncated cones in figure
b lie across the band of points representing the circular
cylinders. The enda of the lines marked with large cir-
cles, representing the large ends of the truncated cones,
lie approximately alorg the curve thet has been recommended
in reference 5 for design of circular cylinders wilth clamped
edges. If the torslonal strength of a circular cylinder 1is
agsumed to be egtablished by this curve, tkhe shear stresas
et fallure fg, at the large end of a truncated cone in
toreion 1s egual to the shear ptress at feilure for a cir-
cular cylinder of this radius and of the game length as
the truncated cone. The shesr gtress at fallure for any
other station along the longth of the truncated cone 1is
then given by equation (2).

Compression
The compressive stress at fallure fc. directed along
the conical gurface, '1s assumed to be given by

£, = sec a (3)

¢ 27mrt

where P 1 the applied compreseive load and o 4is the
angle between the axis of the cone and the longitudinal
elements of the surface. At the large end of the comne
where the radius is r,, the value of f¢ may be desig-
nated f. . It then follows from equation (3) that

fo = fo .?_ (4)
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Resultes of the compresslion tests are presented i1in
figure 6, which 18 the gsame type of figure as that used
in reference 3 to present compression data on circuler
cylinders. The data for each truncated cone teasted are
repregsented by a short line that describes the varlation,
of stress along the length of the cone according to equa-
tion (4). The results of compression tests of circular
eylinders, taken from reference 3, ere also plotted in
figure 6.

The lines representing the truncated cones 1ln flgure
6 lie eoasentlally parallel to the band of points represent~-
ing the circuler cyIinders. Consequently, if the strength
of the truncated cone 13 to be computed, for purposes of
design, on the basies of an equivalent cylinder, eilther end
of the truncated cone may be selected. The assumption that
the compressive atress &t failure £fo, at the large end
of a truncated cone 1s equal to the compressive stregs at
failure for a circuler cylinder of this radiue and the same
thickness es the wall of the truncated cone is, however,
somewhat conservative. The comprasgive stress at fallure
for eny other station along the length of the cone 1s gilven
by equation (4).

Comblned Trensverase Shear end Bending

The maximum bending stress at fallure £y 1n the

plane of the skin et any station is asgumed to be given
by the formula

Mr M
£y =-ir pec O = = sec a (5)

where ¥ 1g the applied moment at faillure and I 1s the
moment of inertia of the cross sectlion at any station,

nrt. The maximum shear stregs at fallure fy in the
plane of the skin At eany statlor 1ls asgumed to be given
by the formula

- ¥Vir _ V! (6)

£
v I mrt

wheré

¥'. effective ghear at fallure (¥ - .Vy)

'V | evoplied transverse shear
Vo ghear resisted by bending stresses X 182 &
o

BEquations (6) and (S) are derived in appendix A..



For the mnalygls and the presentatlon of data on com-
bined transgverse shear and bending; a parameter 1s desired
that 1s descriptive of a deflinlte loading condltion as well
ag a deflnite strege condition for the specimen in the sane
manner that torslon or compression .1g descriptive of def-
inite loading and stress conditions. BSuch a parameter 1is
obtained if equetion (5) is divided by equation (6). Thup

f M
Ee = -y 8ec a (7)

The term -;T sec & 1s, physically, the dlstance along

T
an element of the cone from the section under investiga-
tion to the plane perpendicular to the axis of the cone
in which the resultant ghear force V acte, expregsed in
termeg of the radius of the cone at the plane of this re-
sultant ghear force. In order to show that thils interpre-

tation of T pec O 1 correct, roference may be made to
r

figure 7. At station x, the moment M = V(k-x). From

the definitions that follow eguation (&) V! =V = !_EEE—E-

T
Subgtitution of these valuos for M &end V! 1in the right-
hand side of equation (7) gives

M V(h-x) sec a
—— g6c O = 8
ryr 2°¢ rV - V(h-x) tan o (8)
_ (h-x) wec a (9)
r -~ (h-x) tan a
To
Thug, & particulsr value of -%T gec & 1is descriptive of
T

a definite loeding condition ag well as of a definite
stregs condition. In the analysis of the repspults of the
tegts, the variation of the stresses at fallure wlth

—!— gec o 1s studied.
rv!

-

Results of the tests in combined shear and bending
are given in figure 8, which 1s gimilar to the figure usged



in reference 4 to present data for thin-wall circular cyl-
indere in gombdbined tranygverss shear and bending. The data
"for- each-trunceted cone. tegted .are represented dy a_line
that describes the variation of bending streses in terms of
the modulus of elagticity B =and the ratlo t/r along an
element of the cone. 4n ingpection of thig figure and of
the photographs of the types of failure (fig._ 4) reveals
a transition from a ghear type of failure at small values

of _;!_ gec @ to a bending type of failure at large values
rV! . .

of M_ gec a. In the following discuselon separate con-
rvt

slderation will bPe given bending fmilurs, sheer faillure,

and the trangition from bending to shear failure.

Bonding fallure (large values of ¥ _ gec a).- At

L)

large values of —%T sec 0, faillure occurs by a sudden
r

collapse of the outermocst compression fibers in the same
manner as in the nure-tending tests of circular cylinders
reported in refersnce 5. It 1s therefore reasonable to
suppose that, at these values, the bending strength of a
truncated cone ghould be comperable to the strength of a
cylinder of gome similer dimensions in pure bending.

For comparlson of the present regults with the results
of the pure-bending tests of circular cylinders reported
in reference 6, lines A and b have been drawan o6n flgure
8 representing tho uppor and lower limite of tho strength
in puro bondilng of circular cylindors. Thosge limiting val-
ueg represent the disperelon of the results of the pure-
bending tests of cylinders and were obtained from figure b

f
of reference 6. Use of the expresslon i? % ag ordinate
in flgure 8 makes the location of the limiting lines a
end b indepéndent of r/t, provided the maximum bending
stress at fallure in pure bending 4s given By an equation
of the type :

Sy = kB (11)

i o+

where Xk 18 a coefficient, the varilation of which describes
the scatter of tegt data. The linegs a and b in figure 8
slmply represent the limiting values of this coefficlent.



Equation (11) may be considered valid over.the small range
of values of r/t represented by the truncated cones
tested. Hence the lineg & &and b should represeat rea-
sonably well the conditions for bending failure over the
full length of a truncated cone. The conditlon of pure
bending for a truncated cone 1g, from considerations of
ItsrIal strossea (V! = U), Ziven by & iransverse shear
orce ocated a 7o apex of the cone. riguregi-EEBws
that tho test résultes ropresented by the bending-stress
diagramg lie between lines a and b at large values of -

—u— gec a.

rv!

- .

Shear failure (small values of '%T gec a).~ At
rV

gmall values of '%T gec O, fallure occurs in shear by
T .
the formation of dimsgonal shear wrinkles on the sides of

.the cones. (See fig. 4.) It ig therefore reasonable to

supposo that, at these values, the shear strength of a
thin-wall truncated cone ghould be closely related to the
strength of a trunceted cone of the same dimenslions in
toreion (pure shear).

Yor comparison with the results of the torsion tests
included in the present paver, lines ¢ and d have been
drawn in figure 8 representing the strength in pure shear
for the small and for the large ends of a cone, respec-
tively. These lines were obtained by plotting the egquation

fb
E

o H
uL‘m

L 2. geca (12)
t rv!

Equation (12) 1s obtained from equation (7) by trane--

vposing terms, multiplying by % f. end spubatituting Sg
for fy, where §; 1is the shear pstress at fallure for a
truncated cone of the same dlimensions in torsion. The

lines ¢ and @4 4in figure 8 represent the values of iﬁ %

determined from figure 5 for the two ends of the truncated
cones of the same thickness as the cones tested in combined
transverse shear and bendlng.

M
rv!
agramg lie above lines ¢ and d. This fact indlcetes
that the traupverse shoar stress on the neutral axis at

For low values of gec 0, the bending-stress di-



fallure 1sg higher thLan the shear stress at faillure in tor-
slon. The relatlon determined for eircular cylinders in
combined trangverse shear and bending (reference 4) can be
uged to take account of thig difference.  If §y 1s the
shear stress on the neutral axig at faillure in pure trans-
verse shear and 8; is. the shear streas at fdilure for a
cone of the same dimensions in torsion, Sy and §g may
be related by the approximate eguation

8y = 1.26 g, (13)

Trangition from ghear to bending faillure (intermediate

——

values of. —%T gec Q).- Tigures 4 and 8 reveal that the
r

trangitlion from shear to bsnding failure is not so abrupt
as the interscctlons of lines & with ¢ and b with 4

indlcate. At the i1ntermoediate valuesg of #1 goc a, the

trangition from fallure by shear to fallure by bPending is
aeccompanied by a reductlon la strength thet 1s of the same
order of magnitude as the corresponding reduction for thin-
wall eyllnders in combined transverse shear and bending.
(See reference 4.) An nnalysie similar to that uged for
thin-wall c¢ylinders reveals that the deslgn chart vresented
in figure 8 of reference 4 also applies to thin-wall trun-
cated cones in comblned transverse shear and bending 1f

;% is replaced by ‘%T gec 0. Thlg design chart 1s pre-

gented ia flgure 9 of the prescont report.
In filgure 8 the two lines e and f were obtained

8

from figure 9, in one case the value of EE corresponding
v

to lines & &8nd c¢ ©Delng uvused and in the other case the

value of O5b corresponding to lines b and d. Ingpec-

v

tlon of the figure indicates thet thege two curves repre-
gont reasonabdbly well the 1limits of the experlimental data
plotted.

In order to use the curves of figurs 9 in design, it

18 necessary to know ths loading condition _%T sec & and
T

to be able to predict the values of 8y and 8p fox the
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cone. The value of _%T sec @ 1g egtablighed by the di-
I

mengiong of the truncated cone end the external loads.
The allowable stress in trensverse shear 8y depends upon

the allowable stress in torsion, that is, pure shear, ac-
cording to equation (13). 1In the abgence of test data on
the strength of truncatsd cones in pure bending, the value
of 8b to bs uged skould be baged upon test data for thin-
wall cylinders of conparable r/t ratio ln pure bending.
Such data are contained in reference 6. These data scat-
ter wldely and some Jjudgment must therefore be exerclsed

In the selectlon of a valune for §y.

If the tiree quentities ‘%T sec a, S8y, and §;, are
T
known, the marimum allowatle moment or the hending stress

on the extreme fiber caa be read from the chart of figure
9 as 2 percentage of the velue for pure bendlng. The

strergth 1n shear, then, need not be lnvestigated bpecause
its effect has been taken into account by a reduced bend-
ing strength. '

When the strength of anr sectlon bptween adjacent
" bulkheadg 18 to De checked, the largest absolute value of

Ty sec @@ pshould be used to enter the chart of figure 9
whenever _%T gsec % lles between =-cgsc @ &and +ow TFor
T
valuesg of —%T sec ¢ between -csc oo and -, the low-
T

eat absolute value should be used., This procedure gives
congervative valueg and may be verified from appendix B.

COJdCLUSIOES

The strength of thin-wall truncated cones may be com-
puted by the formilas ussed for thin-wall cylinders, if
proper account ig taken of the engle a Dbetween the ele-
ments and the axls of the cone. For cylinders, o = O.

-1
In the tests reporied herein, a = tan (8), The follow-
ing concluslons may therefore belconsidered valid provided
that o does not exceed tan‘l(i):

Torgion.~- For torsion, the shear stress fg in the
plane of the sgkin at any station ig given by the formula
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T
€ =
8 2mrft
where - e i ew ae .-
T applied torque
r radiue at the perticular gtation

t thickness

The shear stress at fallure fs at the large end of a

_truncated cone in torsion 1is eoual to the shear gtregs at
failure for a circular cylinder of this radius and the -
game length as the truncated cone. The shear stress at
failure for any other statlion along tkhe length of the
truncated cone is glven by the formula

— e 1 \°
fs—.n-<r/

where T, is the radiug at the large end of the cone.

Compregsion.- On the mssumption that the internal

compresalve sltress fy acts in the direction of the
elewownt,
f, = P gec O
2nrt

whero P 1s tho applied compressivoe load. The compres-
sive gtress at fallure £, at the lerge end of a trun-—

cated cone 18 equal to the compresslve stress at fallure
for a clrcular cylinder of thig radius and of the same
thickness ag the wall of the truncated cone. The compresg-
give stress at fallure for any other station along the
length of the cone 13 given by the formula

L
£ = £, X
1 r

m;mm;amgam _bending.~ If the bend-

ing stressus are agsumcd to act in the direction of the
elements, & portion of the transverse shear 'V 1ig resigted
by the hending stresses. A moment M on a trunceted cone
of clrcular cross section reduces ths shear by an amount N
¥V, where .

M tan
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In combined transverse shear and bending, the effective
shear ¥! 1ig, therefore,

V'=v-vb

The effective transverse shear causes a shLear stress fy
in the plane of the gkin at the neutral axls that is given
by the foramula_

' £g = Y.
v mrt
The bending stress £y 1in the plane of the skin at any
atation is given by the formunla

£, = M
mrft

gec a

For large valveg of _!T gsec a, fallure occurs in

rvV
bending. Yor small values of “%T gec a, fallure occurs
' T
in ghear. FYor intermadieto values of _!T goc @, the

rv
faeilure ig a comoination of shear and bending. The allow-
able gtrength in combined transverse shear and bending 1ig
given by a design chart similar to that previously opub-
lighed for thin-wsll circular cylinders.

Langley Memorial Aeronautical Laboratory, )
National Advisory Commlttee for Aeronautlcs,
Langley Field, Va.

APPERDIX A
BENDING AND SHEAR STRESCSES IN A CONE

The relationg between the lnternal stress and the &p-
plied forces in a tapored beam are aslightly different from
the corregponding reletions for a uniform beam. 1In thig
appendiz, formulasg for the bending and shearing stresees
due to the application of a single transverse force on a
hollow clrculer cone are derived.
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Figure 10 'shows a truncated cone of conpgtant wall
thickness with the large end fixed in position and with a
" transverge force- V appllied at the small end. At -any
typlcal gtation, the mean radius of the cone 1ias r.

The agsumptlong are:

l. Bonding stregsses are directed along the surface
of the cone toward the apex

2. Bending atresases are proportlonal to the digtance
from the neutral azls, &as in the ordinary the-
ory of bendlng

3. Shear stresses are directed pamrallel to the gur-~
face of the comne

Bending stresseg.- An element of area of the cross’
section rt 40 located at an engls A measured from the
neutral axls, as shown 3n figure 10, 1as conaildered. By
asgumption 2, the stross on the olement is £y ein 0,

where fy 1e the stresse on the extreme fiber. The force
dF oa this elemeat 1ls, therefore,

dF = (f, ain 8) rt 48 ] (Al)
The moment of d4F about the neutral axis 1s
dM = (cos a)(r sin A)(fy, sin B) rt 48 (A2)

The total moment X 1g obtained by integration around
the circumference of the cone. Thua,

af
f-brat cos a[sinne de

fbﬂrnt cos O ' (A3)

.

Thus, the bending stress fp et the extreme fiber in terms
of the applled bending moment M 1g

Y

= == pec @ (Ad) °

whpre I 1a the moment of inertia of the cross section
at any station and equals mr-t.




14

Shear gtregges.- From the assumption that the bend-
ing ptresses are .directed along the surface of the cone
towerd the avex, it followe that the bending stresses
have a component 1n the direction of the shear force V.
Thle component resists a part of the shear force V and
therefore reduces the gshear sgtresscs.

The shaar force rasiétud ty the bending forece 4F

in en olemcnt of the cone 1is

' av, = (ein a sin §) 4arf

(sin a sin e)(fb gin ) rt 4 A (45)

The total sghear reslsted by the bonding stressges 1s odb-
talned by integration around the circumference of the
cone. Thus,

8t
Vb = fb rt siln a‘jp 51nFB (M)
o

= £, mrt sln @ (4a6)

Substitution of the value of f, from equation (44) 1in
equation (A6) gives '

M tan o (A7)
T

Vp =

The effective ghear V! that ceuses shesr stresses in

the walls of the cone 1is therefore the total anplied

gshear V mlnusg the ghear resglgted by the bending gtressges
T'b; that isg,

V=T - Ty (48)

In order to determine the sghear stresses 1n a conse,
the part element of ¢ cone ghown in figure 11 ieg coneid-
ered. The x-compoaerts of the forces due to bending are,
at station 1x, .

' m/8
(Fb) = [‘ fy, eln B cos o Tt 46 (A9)
x : .

and, at station x + d4dx,
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-~ - Tm/a .
(¥y) jr (£, + —2 dx) sin § cos’ a  (r + 82 ax)e"a g
z+dx 6 dx

(Ax0) -

By virtue of symmetry the shear stress at the extreme
fiber is zero. The x~component of force due to ghear 1is
therefore

(Fy)g = (£fy)g t (dx sec a) cos @ 8111)
The equatlion of equiliborium for the forces 1n tho x~direc-
tion lg therefore, if termg of higher order are neglected,

w/a w/
df‘b d
+ — 9T 468 =
(:f‘v)e sec Q l iz sinerde+£ fp sinedxd 0
(413)
from which
dfb ar
(fy) = —cos a cos 9<r —2 + gy 4T (413)
2] dx d
By differentietion of equation (44),
a7’ ay 4r
d'f'b dx dx
= —5 - (414)
dx Tr®t cos O mr3t cos O
At statlion x, the moment M = V(h - x). Therefore
dé _ _y - (A1B)
dx
.Alaq
4r = ~tan o ' (Al16)
dx
gubstitution of equations (A4l4), (A15), end (Al6) in
equation (413) gives
(fv) = vV _ M tan a cos 8
] mrt nfat
= Y. cos B ' (AY7.
rt

-

N
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The maximum ghear atress fy, which occurs at the' neutral axis,
ig given by the formula

8
fg = 4~ = L. T (418)
mrt I -
APPENDIX B

EFFECT OF VARIATION IN THE POINT OF APPLICATION OF

THE SHEAR FORCE ON THE BENDING STRESSES IN-A CONE

Bending~stress dlagrams for cones in combined trans-
M

verse phear and bending for which the value of mery gec
r¥
is positive are showr 1n figure 8. Reference to figure 7 ‘

and equation (10) shows, however, that the guantity

M
rV' 86c @ can also heve negative values. These negative

values occur when the resultant ghear force V ig located
either to the right of the apex of the cone (negative ro)

or to the left of stetion x, the mection at which bend-
ing stress 1s determined (negative sg).

A diagram gimilar to that of figure 8 but including

the negative values of ‘%T gec ¢ 1ls shown in figure 12.
T

4 few hypothetical bendlng-~stress dlagrams for cones of
the type studled in this paper are plotted in figure 12

to 1ndlicate their shapes. The boundary lines correspond
to the two lines. e &and f wuged in figure 8 to repregent
the ascatter of tesgt date.

Three dlstinct reglons can be defined in figure 12.

The region in wkich —¥T sec @ varles from O to o
T

g theo same ag that ghown in flgure B and corrssponds %o
a variaetion in tke locatlion of the resultant sghear force
from gtation x to the apex of the cone. Ag the shear
force moves from the apex out to infinity on the right,




17

;%T gec 0. varles from «® to a value of =-csc a (inm

thig case, ~5.1) and defines the left-hand reglon of figure
12, in which the bending stresses are shown as positive. -
As the shear force moves to the left from station x ¢to

infinlity, _%T gec 0 varles from ¢ to =-cec a end de-

. T
fines the region in figure 12 in which the bending stresses
are shown ag negative. The pure-bending condltlion, for
which the effective shear V! 1ia equal to zero, is obdb-
talned by placing the resultant aheﬁr force V at the apex

of the cone; that ig, _HT 8OC O = 4ore

Vv
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NACA Figs. 10,11

Figure 10.- Truncated cone subjected to combined tfrans- \f/
verse shear and bending. L
3 |

o>l
Ex oo
o~

<
e

>k

\
/ \@'\</ - STQf,on .

Figure |l.- Part element of a cone, show-
ing longitudinal stresses due to
shear and bending.
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